(1957) made similar Dhservaliim** PhjIhiiHifS 

working with seven mrmUcrs of iIk. Muc flu' iH i\- 

by him were able t« luilise the «ni»*»»rf fjj ;»{»!«*■'* .u’s-H {iv,n t’ur iri.!.H-jiitf*| 

ones. 

Earlier invcsligiitums by thr ;R «:n ii n si 

various amino acids were. iiiH ol’ vabie i *" ih - * h 

was, therefore, coniideml dedrable study dtso? 
in a mixture. 
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The organisms under study, nS., \|.r.js i. .unu) 

Coker and Conch, /, tmukiiki Koudunm uJid i.: i .Sj^v. ;, . > ,, , , 

were isolated locally from a jiond iHuiv* h-oip .♦■s |.,viii. .s.-.o^dr '-o . .Uou,-** 

were made aeeording to the tnf.tli.«l of f.'nti'h il',*:i‘». f's^v- u{ 

histidine, .arginine, asjiarl'.G .ici;!, alantn*'. .mi I m-s,' ,v4 I*'.! i . ti,.- U »•,*>! mV 

dium’" so as to furnish colkcUvely id.} tuifui. of sv* fh.-' oil 

the medium was adjusted to hi lirfoi-j- a,!tm.h«vki- 4 . i i,*- irCius.nj:-* .»*r,i iW 
chromatc^raphic analysts is btiefly d.w.Gtiii#d . 1 * foifusvi •, 

A circular piece of Witatmaii filter paprr 1 
y?ith radial cuts according to the intutter »•( day* was 
drops of O.S ml. were placed at the p.nti.ui bw atf i 
volumes of drops of the known solution wrre also pla* 
t.t faciittate the iticntilication iM bands, l-n^ 

n-butanol-aeetlc acid and w.ttrr id : 1 : fj a* ».»lv.‘Oi. Hr- .:.oni«te4 of 

O.l^ ninhydnn n> normal butanol, I'htf ban lt wrsy iioany .i - v i j j,,; 
the chromatograms in the eketrie Mvr.« at a ronstosM '..j lr‘,i oi |.,r 

, about 1 to 2 minutes. The avenge Rf. vabirs of tU? va, too* awmo tHod* haw 

been calculated on the biww «f the bands dcvclopfd, 

ESt’KttMhMlAl, 

y y weight ofthese fungt has been repi'Citenited in ill*.' igrapbl. 

growth of all these organisms 
as evident from the graph. 

It was also observed that AW«fci.w« stjr#o'.Vo ■ i . . 

in-6:days, /ssiw^a unispom in i:Uhw%\nd -‘istomc toiopktrly 

»uU not' M,h tii. nmito iy .S nut r f f j". ''C' ' ' ' 

could totally consume the mixture of iht. .,01 , 7 . ^ ,0 tungt 

pertod. * ® .nniiW at-rl* wrthm lo." >',t|iTMi»tenui 



»tSGU.l^teia,‘ 

• — J m 'A Ulifd’" 

doubi:ss“R!i:?nf‘''‘‘‘‘®*'^»'».N-^^ b.., 


The present results cle.irly showed that t . 

I fegpr>i:i|ig ^ 



rtKitt)gta|>lt5c studies revealed lliat d$h!ja nplmws all tli«^ arniuo adds front 

the mixture almost si,mii|tariieoualy* Bilgnuiii ( 11156) alsf» cibtaiued similar results 
for some species rif Pltjllmikiu^ Sam^kgda parmitim behaved in an entirely different 
manner as tiffs organism consumed arginine within 6 days while other fractions of 
the mixture lasted till the last liay of incul>ation period, IsmM^a unispom and L 
tondmtks also showed greaier choice for avganinr tlmn for other amino acids but it 
was not 8«> rfadiiy used up. Some mrinbms of tlie, M ucora ks,^ ^ Mri^er 

and M* mmi (Raif-ada^^ 1957) have been reportt'd to exhibit greater liking for 
arginine than for other nnffno iidds* t>ry weight results particularly interest'- 
ing (Ram Dayah 1956) as it was uoiierd that iwcm though arginine was a preferen- 
tial amino acid for &i/vri%viiti /vinoilk.-n ismrnhljn'imhfhira iini 1, itn^idmies hut the 
mycelial yield was much less on tUissul stance (arginine) than on a mixture' of amino 
acids. It was also found that ismrMpa uiihpimi^ I, i:nidddi's and Saprokgnm parmUka 
produced better tnycedial grovcih on histidine than cvngtm the mixture of all the 
live amino' acids togeilicr* Miffs sliows that dry weight of an (rrganlsm cannot be 
correlated with the rate of assimilation of a pmticaffar amino acid, because a fungs 
may yield satisfactory growth on an amino acid evtm if tliat particular amino acid 

^ Saprolcgnia parasitica 
Isoachlya uniipora 
X Isoiichiya toruloides 
O Aidffya aplanes 



^hciwmg the growth of four fungi on the mixture of amino acich. 
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may not be entirely cmisamcrl ihr 

better growth_ on the mislnrr thiui on any in.iiv» I t tl mn.', , 

haviour of this fungus as eoiujwn-*! loth'' rest of i1>r .ng.ioioo'. 


. b-weve r, mth 

I ii€ willrrciiiti'i* 

growth on the mixture of iuuitio aeiils e.su lut' nUi'fjii/teil on jht* of th* grner'Il 

%’arjrs svith the amino 


statement of Lilly and liunetl (Ihhl, p, Hhh m %»>h>h tb^v h »i ' ni 'mi m,'.l th« 

'Ihe eiketof one amino .u'likin the utiH/.iUon of .in 'thft 

acids involved and the sficeific. fungs usol.*' 


SiniMMiV 


I. 


Seleeiive assimilati'iii •if b iimino aetd* fotm ,i «uj%t ii,.- n, A.'th.t 
Ixomjta utthpnr^^ /, ttifuMiitu and was !s(M(lird, * 

2. Arginine, which was a mediocre source for iwo.xoa and /. larukUn 

was preferentially utilised when given in a tnixttjfr, " ' i 

, 3. Excepting rle/i|y8 the a-si uf the iuii|i were n »i aide to «uiii,«-tha 

mixture ot ammo actds better llum the indiviilual onrs, 

within^sSyJ.'** organisms were able to cnsmiie ibe mixture of amim, addi 
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ON THE STRII€TIIEE AND MECHANISM OF THE SPIRACLES 

OF AHLACOPHORA 


fh 

«, S\l Nit 

<!/ -/uvj’, I'nicftiitf fij 

I K»-, riv«-,! Mil Miiiilt I 

iiNtnutiHicTnoN 

As rf'gftrtJs t!ir ri'spiriitnty sysirm and tin* tnachanisni of rrspiration in adult 
Col<'upt<*!»iV u lot of work has liortt dono on Dvlimx l>v a uunibor of authors like 
Alt (IIKW), Brocher (llUtn it,U4 and lltld), Ulumk (i‘117),aml Hehndry (19311), but 
as far as the author is aware not much of work has been done on other beetles. In 
GhryMJtielidae the rrspit atory spiem of G&lmwi'lk birmmm Jacoby has been 
described by Khatilr (l!)'bj\ ami Saini (1954) has described the tracheal system of 
Aukmphitm* Tlie presriit accotmi rleals with the structure atul mechanism of the 
spiracles in the three tpreies of Atthimhmd-^A. (ortmUb Luc., >4, atripmnu Fab,, 
and A. dnda Fab. 

AND riiOHNtqjtiti, 

The strtH'turr «*f the spiraclrs was *d«terved by making fresh mottnts. Specially 
the muscles td" the spiracles were stmlicd by stainitig them with Mayer's paracarminc. 
The structures were also studied by the help of microtome sectiotis. 


0fWKR\*Al10N 

In Auktttphmi, there ate nine pairs of spiracles. They are situated on the 
lateral sides of the body, two pairs Iteing in the thorax and seven pairs in the 
abdomen, The Orst pair (or mesoilutraeic spiracles) are .situated on the inter- 
segmental inrrolirane lietwern the pritand tnesothorax; the second pair or 
nietathoracic spirarles are siinated ott the intersegmental membrane between the 
mesothorax and the nsrtaihorax and are noinndly covered tiver by the 
rncso’cpimeron. The first pair of abdominal spiracles are situated dorso-latcrally 
on the inter segmental membrane lieisveen the meta tergnm and the first abdominal 
tergum. The seenud to sixth pair of ahtlominal spiracles are situated on the pleural 
membranr rtf tire cort espiuiding iilHlontinal segmeirts. The seventh pair of spiracles, 
however, are .situ.atrd dotstelaterally on the pleuroir of the seventh abdominal 
segment and are partly ctjveret! over by the pygiriium. Out of the nine pairs of 
spiracles, the nutathoracie jpiraclc!! are the largest in size, followed by the 
mcsothoracic and first ai rlrutinal s| irarbst the rest of the ahdcrrtintil spiracles are 
more or less of the .•same size, but ate much smitllrr than the first abdominal 
spiracles. 

Each splrarular opetting is containcrl itr n sirnnll sclerotic plate called the 
pcritfcmc, the peripheral edge of whith is spechtliy thickened. The external 
opening of raelr spiracle is called the atrial orifice and leads into a pit-like chamber 
or {itriurtr wliich opens inter rrully in the tracheal sy.stem by a tracheal orifice. Ihe 
rim of the atrial oriflee ts slightlv laised over the general surface of the _ peritreme. 
Internally, the air rum is ptovitier! with numeroiw fine euticular hairs which act as a 
filter apparatus. The inargin of tire atrial rrt ifiw is trever rnrxiificd to form movable 
lips and takes no active patt in the chasing of the sptraele. The spiracles are closed 
by the action of a closing trr occlitsor 'apparatus which is situated at the tracheal 
orifice, 

1 .53 1 



71« Mmthoram Spimtn (F5^. !); 

In the mesotliiirnelc spirarlfs ui thr .kHi*'!' vi 'i-ntHnvl'.at oval 

in shape. The fstenial piatina nf the tmehrai oufiri' In- 4 •■'-’• ■a'rntic. 

elastic bar which is often cal In! the rluniiHj Icaw ahirh 'i in iliiclirnrd 

processes at cither cml. ■thcitinrc w.tU i»l the atiinn* oj-p.-Mt ' «}>•■ 1 1, l:,ow 
farms a soil, convex fold ealin! the < i>i;4nrt haw! and it afi i.r! itmicn 

in such a way that the tracheal ofiliee appeals eirscrmic m shapj" rio’ t'f-’.in;.; or 

occUisor apparatus consists of the closimi h«uv an?! «he el.>'-iuis Slir laUct arts as 

a valve anti becomes inflected over the twutlh td the iiaiiifa t v no arc. <ti an 
occlusor spiracular muscle (m. 1211) which tuns hrtweett the two ilinl. iicd tenuitial 
portions of the closing bow. 1 he cwraraction of this oerhnor simn !»• c.nisca the two 
ends of the bow to come closer ti» one atiother iiwl llms the rlMdoi? Vnuid or valve is 
forced inwards until the. tracheal aperture is eotuplrtely closed, I he opening of the 
tracheal oiiflce is clfrctcd by the contraction of a dilator jpiiai ul.u muscle tut. |'«h 
which arises from the ventral end of the dosing how and is nmesird on the inner 
■wall of the peritreme near its outer edge; the cwiiliaetion of Una nsnsde straightens 
the closing bow and thus the closing hand « pulled hack In tu thr jsH uth tifihe 
trachea. 

The Metsthomk Sp'mdes (Fig. 2) ; 



the outer sp;. d. fmkMIh 4 itmm «he «ru«»r« «« 

ofocoteOT^^^’JSustGL.' ?.? i !«sh« tend 

to 129 „ dilator uptracular muKle^m* m? I ® I-***’’ 

erftretoe; SB., JerotkbarofmetaCrartfd^iRT^^^^ 


ULJ 



IiUJtc iiietatlioradr. ibf atrial <>ri{ke ts in llie form of an elongated 

slit like opening. M'he mxhmw inreluunsin is of the siniple pindecock type consisting 
oftwt^ sidcn'tilic bars it! the opposite walls of the atrium near the tnrchial orifice 
with an orchisfir spii'iicnlar trunele (nu stretched Ingween ilielr lower ends. 
The contraciioii of this tiniselr biiin^H the lower ends of the two bars together and 
thus doses the Iradieal opening; this dosmr is ftniher Indped by the fact that the 
inargiit of the inner bar k pnalneed inwards into a soft^ narrow band-like process 
wlVicli profects in the lumen fif the atiitirn and acts as a closing valve. ^ l‘he dilatcn* 
spiracular tnmele is alment in the mrtathoiade spiracle.'i, and its opening is effected 
iiy the relaxation of the oednsot spirarnlar nnnde. 


7"h Akhmm{ (1‘ig. :i| : 


€B. 



Fig- S. Biairiai of the to alMbiiilrml r/ A/wW/ik as leen the Inner side Growing its 

mwculiitnre* * ,» 

ATII.s aini'il of’ltk'’e ; Gliji ekwlrig l.»ov¥ of oeolu^r apparatus ; Op,» closing oanci » D,j dorsal procw 
ef doting how ; in. 131. » ocelnw’ spiricnlar inmd^ » |.eritmnc ; TRO. tracneal ontice. 


I w ] 



Iipprr rjul 


In the first nlidomuiai spiracle, ihc atiial m jinr ,tv,=(i in r.li,*rpr 
bow differs from tli.it of the mesotboriH ir *iiir;H'h in tiio f.ii ! that ihr 
the bow is produced into a dor.'^.il poirr.-s aud ihr cbH.o qm ,:,nr5.»» mmrlr (o. I'in 
extends from it to llic ventral {norrsn oftlo- bow. Tij.- elraoito ,,r ji, 
orifice is effected by tire coutracli..ir of thin irniM:U' wlmh bnra-s tirr two rrifl* of Vt« 
bow dosrr to each other as in (hr meiothorat re sjmarSrr, atvl tims »hr i losisio h ,,,4 
or valve which projects from the oppositr wall of ti,e ,,s, iw,, rl- ihr br 

the tr*!ichcu* Adilulor i^llitiUUtlur IIUlMdr is f li?,’' 'UH'I riC‘t*ltr'‘"''' 

mechanism of the other ahdominal sp.rach s is MimL.j to iha! ,.f »h*. »„ .u 
spiracle though these posterior ahdominal spii;»t:b » ate rmnh soralle! in siv;r. 


Uls^CltiSSloM 

The spiracles ami their closing tnrehanism ill li;iVr iirrii ||« n 

rif C Hasssan 1) niav l.e sproatly rnrtrti net! 

Among the aoleoptera. Alt (ISliW) and KorschrU Ciwii' imve 4rlu\^tC ^l S: 

j lifrii iriiicif lifiwfrii ttfuriiirr^ «if tit# 

spiracles of Aukwpfmra and Cklrrmlln ,is they Iwhnig to the same sub l imily. 

insect' ^ **‘««nmi,r.rl .arr.. in Imlh m J 

Sk h ImS r f’** ; »' «h^ mrlothorrS 

to Khatab, tire first al«lom»»rar '>(nl!*!*'L ^***|*" ^*'> accorrUng 

InCr birmamm thp riu..**»ii J**”-*’*^ ^pum le is larger tlrarr the ioe«..thi<»nu*ic spit acte* 

«lTbiTxs^^;«h‘l;^vs« rr'-"' i" » 

provided with an external dosinir mm * * .’r '"'f*^** **‘*‘1* «h«aa» t»- spiracle **ii 
right and left lips united ventrUk in i* .**' i T "’tT f *?’* *** movable 
with very fine hairs. Bv the anoro*iHim'*''**f I” T*' i * * * '*' ***** *'*** hi«>g«l 
is closed” (Khatib, IQIfi^p 27J^ “* ’**•* briwTcir ihm 

have the ‘external liptype eloshiK itimrsl’..'’'’* * spitaclrs of (J, Mmmim 

spiracles of described bvA^fnwinr ''**!*’' '*^***‘ ’***' ««»^briln»rack 
however^n both Cldili ht .Mttwpkm, 

able and fixed, and the closing 'rnnarttus'^'f '***”‘*5**'*“ ****" p^fri rial lifts arc tminov 

mechanism belongs to the ‘singll v'dvetilrtl^ »liitat.ks, the occbwor 

the occlusor mechanism belonEs to thf. " V ** *1”' »“'<‘‘d»miiric spiiaclrs, 

described by Snodgrass oSfpaL^ :*“*'!*•*’ "'*^'**' «'»‘tpc* M 

».u.cto h.ve teen nlrendy ,le.tril«;d in dnuil 

e,„,„ r„r 

which “consists of a iiaii ofchitinispfl oiV.* *’ ‘^^'’^••‘ ''** '•1 the muri i josing type* 

situated at the base of an opr'i atiinm" ( Wt idir lS‘ mu ’"f * ‘'i *!^*'** *''*»*^’^* '» 
all the abdominal spiraclrs have an tu'cltisiir oiffi !, t *** d»/«<M/4«jti ttl«i 

From Khatib> account, it is diffUmlt to fird um 7T “.‘r'i’'’ ‘ ‘>1***". 

an inner dosing nuxhanism of the *pi»ch-eock s«il •dnhttinrral <ij)iiirrir» hmtt 

subtype^ndhehasalsonotdemibfdKS^ **“^**’ valve 

mechanism of the abdominal .spiradi 1 * 01111^1 **'*' “«■*«»« 

described by Snodgrass. Tht'8e%b«d« ■arid^ t£b.‘^ f*"***' ^'*‘*^*’ subtype* as 

already described before. The me .r horS it !**‘’'***** ***‘"’** 

'single valve *t>V»rc|r«, tl,«r.«h 

iyp« , itoiAtver, drilci in detoib. In the 
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both belong to the 



nafeSothtwacic spifades, the closing !»aw is ricsijcntic. anti its tvv.) ends arc tliickcncd ; 
the occlusor spiracidjir mtwclr runs between these uvo thickened portions and a 
dilator spiracular muscle extouis f rom the ventral end of the closing muscle and is 
itMiertcd OR the wall of the pci iiremr. In the abdominal spiracles* however, the 
upper end of the closing how is piotbuv'd laterally into a well developed dorsal 
process and the occlusor spiracadar tnuselr extends from its tip to the small ventral 
‘process of the bow ; moreover, a dilator spiractilar muscle is absent in the 
abdominal spiracles. 


StlNiMARY 

ta ditla0pkwa, there are nine pairs of .‘.piraeles. The. matahoraoic spiracle is 
the largest. In all the spiracles the mrrhaiiism of orxlusion is of "inner closing 
type”. In the mesothoracic and the ahdinninal spir. teles it is of the “single valv« 
type*’ but In the laettilhoacie spiraedes it is «)f the “pinch cock or double 
valve type”. 
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ON THE OCCURRENCE OP THE LARVAE FORM, HfDATID 
'cysts ov SGinmaoaQUS aRANijmsm (batsch, 

FROM THE SHEER OF DELHI STATE 


Hr 

I., N.JOHIU 


Dtjmltmai »/ lklh> 

; I Received wj iftl> jitnuai s’, * j 

A survey for the helminth piirasUa ffom ihr .inim ih kiilc«l in tin* loal 
slaughter houses has revealed the presence of liyiliUit! eyuv «»l’ 1'khinHMfu.f ^rmulmm 
(Batsch, 1786) from the sheep. Out of forty-five sheep ex.imiued, .mly funr wwe 
/ound . infected with Hydatid cysts. Two cysts were m‘ *vej«! from lire hitigs of 
*two animals, one from the liver and another frrmi the snlM-mane region of the 
abdomen of the animal. 

The largest cyst, available from the longs, measnrri ?';M» non, 5110 mm. 
The outer wall of the bladder acqniirs ilrfinitrly bworr.ried rhiiracter 

and is essentially devoid of nuclei, while the inner layer of ih»' bladder wall 
(endocyst) gives rise to the germinal layer of the Hydatid. A luge munbri of Ijiotid 

HYDATID CYSrr OF ECHINOCOCCDS CUtAHyiOSyS SATSCH,l7i« I 


( t«nd - didfmniniatie ) 



I’Utc I . ! lydatkl Cyst <g tkhliMieocww gwatitoo I ll«i| 




I Srontt 

1 COCittIfl 


capsules, rn the form of minute vesicles, originate from the endocyst. Brirod 
capsules, with distinct stalk and also the sessile ones where no #la!k-ltke growth 
IS developed, are attached to the germinal layer. Some daughter cyits, with the 
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diameter 1-0 mm.— 1 -2 mm., 5tr<s fmmd floating m the fluid of the cy.nic cavity. 
The daughtfr cysts ftuthcr produce bud.s from its internal layer. The detailed 
information regarding tlm size, bnxxl capsules, daughter cy.sts and Hydatid santi 
of Hydatid cysts from the dilferent locatiotjs is given in Table 1. 


TABr.R 1 

Comparative tttblc of Hydatid cysts of Hthimtoeeiis grMtiloxux (Batacb, 178<i) as 
reported from the various locations in the bexly of the sheep 


Dtiugt'ikr 

luxation Masiimini Msixiitumt tVrcMitaRe Pcrcetitafp* Pcrt-e.ntBgft Statkol Senile tly<!atiil 
length width ofstalkoi offeMiite ofimnut- hwls lauh Sand 
in mm. in inm. fisrni. ■ term, turn form 


1. Ltmg 

7im 

rm 


2» 

em 

4>m 


3. liVfT 

am 

4iir» 

m, 

4, 

im 


«% 


m, 

:«)% 

50% 

SO”,', 

4 + 

m 

3l% 

cm;, 

32% 

+ 4' 

:u% 

Sl% 

Atwix 

Aton 

+ 

I2% 


Abiwnt 

Absent 



f t- PknUfnl 
•f Only a few 
— Aisient 


From the above data, it is interesting to observe that these cysts thrive very 
well as the first preferrence in the lung and to a lesser degtee in liver tissue of 
the sheep. Brood capsules from these two tissues, with stalks and withtmt stalks 
and possessing rostellum and suckers, also indicate higher percentage in comparison 
to the immature forms where rostellum and suckers arc not developed at all. 
The percentage <jf brood capsules (stalked and sessile) from the sub-cutaneous 
region is fairly krw with a higher percentage of immature capsules# The daughter 
cysts possessing stalked and sessile buds (where no rudiments of rostellum and 
suckers are developed) and Hydatid sand are mainly available from the Hydatid 
cysts in the lung, while no daughter cysts are contained in Hydatid cysts either 
from the liver or from the suh-cutaneoui tissues of the host. Hydatid sand (only 
a few) is available in Hydatid cysts front the liver while it is entirely misimg from 
that of tlie sub'Cutaneous region. 

The larval form, Hydatid cysts of Ethinmems grmukxus (Batsch, 1786) was 
first reported from Punjab by Gaiger (1910), subsequently Oaiger (1915) from India 
and Aggarwala (1925) from U. P. (Muktesar) further reported its occurrence. The 
present information together with the detailed and comparative data forms the first 
record of this parasite from Delhi State, 



F%. I , HytIwM CJyti Jrtteikm in iJw hing t4 


F>g. 2. 



HydiiH Cjit Snfectbn 1b tlw 


kyfw. 


SUMMARY 


In course of a survey of helminth parasites from Delhi slaughter houses, the 
occurrtjnce of the laival form, Hydatid cysts of Ethmeoeeus granulosus (Batsch, 1786) is 
reported for the first time from the sheep of Delhi State, Hydatid cysts are 
available from the lung, liver and the sub^cutaneous tissues of the sheep. A com- 
parative study of the brood capsiulrs, daughter cysts and the Hydatid sand as 
available from the different tissues of the host, is undertaken. The percentage of 
the sessile, stalked and immature forms contained in the daughter cysts (together 
with stalked and sessile buds) is given in a comparative table. It is ascertained 
that the lung and liver tissues form the most thriving regions in comparison to the 
suh-cutaneous tissues in the l>ody of the sheep. 
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SEASONAL INFESTATION OF A’-V !hmi8 

(Dcshayi^) WITH FURCOCERCPUSCERCAKIAE 


, ■ «, 

R. K. SINait 

CoUtgt ^‘Spme, Hmfur (,\t tK) 

■ . »»» 22<»l 1SS#| 

■ ■ 

IN-mOttl«JTIOK 

One of the first observations to be matlc on a seasonal rlisiritniiion of cercarke 
is that of schistosome cercatiae in Egypt by M»n*n»i4l«hr awl i'aiilry in 1920. 
Soparkar (1921) observctl the prevalence of ««»eari»c of .f, thronihowta 

period of two years. The seasonal inlVsiation of elnnkta {Btiv} vriih cercarke 
was investigated by Miller and Northnp A tw»* ymr sMi'vry of the seiiSiMtai 

infestation of fkaorto iwafei'i (Say) was carried owl by Mettry (IM8). Oliattcrjl 
(1933) published a note on the ecology of aw eehint»toii*e cercaria, peirntrit 

Chatterji, 1933 in Allahabad. Miller (192l», tfl and 29) pr«»c«ied bis obicrvationi 
on the behaviour and reactions of several speetei nl ecrearwc to ligbi and mechanical 
stimuli. Similar studies were made by Miller awl Mabalfy »« I93d «mI Miller and 
McCoy (1930). However, the most outaiandini cottirilHiiiwt towartls the 
understanding of relation of cercariae to environment is that of Wrie»be»g*l.und 
(1934) who described many new specks of cctcariae and discussed the biology of 
each group. Miller (1936) made a study of N»»rth American cerwriar and prwbiccd 
notes on relative abundance and distribution i*f several sixties. 1'he effect of 
cercariae on hosts was studied by Rotlischild (1936). Con, MiirMuUrir atid Brackett 
(1937) carried out an ecological study for two years on eefeiijae infreting a single 
species of snail, Slapfwfa r»aer|i«ala asiatoo (Sower by). In this study, the nuthon 
have made a sufflckntly careful analysis of calcs of multiple infrciiwns. 

The present work deals with infections in llie common lodiaiiinail, /adw/^awrWi 
mrte (Deshayes) with furcoccrcous cercariae, belonging to four giwups : Sirigeid, 
Olinostomc, Spirorchid and Schistosome. The collection and exaininailoni of snails 
from different localities in Allahabad district extended over a perkal of about two 
years as shown in Table I, 
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TAM.E ! 


Locaitty 

Time nt Numbff 
Colkcitiitt C«lkcied 

0 S 

*9 

Species' of Cercariae 

Hundia 

17-8.'4« 

S78 

in 

C. mmi Singh, 1952 


til 





35-8- ’.IB 



. 

Sobatiabagh 

S-<b*4B 

360 


C, anm Shigh, 1952 




2 

C, 5. imimm Srivastava and Butt, 1951 


l8.b-‘48 


I 

a, Plmmimhis ormtalh Singh, 1952 




1 

iL bmulaia Singh, 1952 

Hundia 


174 

2 

C. muri Singh, 1952 ■ , i 


111 


2 

* , ! 

C. bksHkla Singh, 1953 

Sobatiabagh 

30-9-‘4« 

4ti 

1 

Ct bmidsta Sidgh, 1953 


III 





29-lQ-’48 


4 

C. SJntimm Srivastava and Dutt, 195', 




6 

€, tmnifuna Singh, 1953 




1 

C, Imgkaudata Singh, 1953 

‘Piparahk 

12-n-’48 

66 

1 

C\ Plammeldi' ormialif Singh, 1952 

Sobatiabagb 

13-Il-'48 

120 

nil 


Phulpur 

18-H-H8 

110 

2 

C. Plasmmdtu orimlalis Singh, 1952 

Alfred Park 

242-’48 

595 

56 

C. S, indicm Srivastava and Dutt, 1951 

^ ' « 

to 





10.l-’49 


7 

C. fmrnifufta Singh, 1953 




2 

C. kHgkmdeds Singh, 1953 ' . 




3 

Double infection with 

C, hurnifurta Singh, 1953 

^ , 




and 





C, S, indkum Srivastava and Dutt, 1951 



1 
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Locality 

Time of 
Colketirtn 

Nuinlwf a 

Colircted 

■S 

Hprfiri of Cercatiar 

Ahimanpur 

20-l-‘49 

Uiaa 

17 

€.-*>, m4mm S>ivMfiiV4 aitrl Dntt, 1951 


III 

ia-6-’4ii 


2 

3 

(*. hiimhia Hionh. 1953 

C, 'hmuffi. Singh, t!l52 




9 

C, eimmpitmm Singh, 1953 

Alfred Park 

l8-8-’41 

2$4 

13 

C, mm Singh, 1953 


10 





23^*49 




Nurput 

244-’49 

6S 

nil 


Ismailgunj 

23-8'’49 

322 

3 

C. A', miimm Sriwaitava snnl Pnit, 1951 


to 





4«9.’49 


1 

f»', m»i Singh, 1»I53 

Ahimanpur 

5-9«*49 

179 

1 

C. Pkmkffkit mifniS* Smgh, 1932 




2 

€, kirnlm. Singh, l»i3| 




8 

C, S. imimm Siivaiiaw** anil Unit, 1951 




2 

C. Singh, 1952 

Ism&ilgunJ 

8-9-’49 

47 

1 

3 

C. S, Mum irivm»i»Vii and Ilnw, 1151 
C. aiwH Singh, l*J3t 

Ahimanpur 

15-9-*49 

305 

! 

G, Singh, l!»52 


to 





22-9-’49 


8 

1 

C, S, imimm Srivastavsi ami Dntt, 1951 

4*. fihMmtkiit mmtaift Singh, 1951 

Delhupur 

10-10-’49 

927 

1 

€‘. amfi Siitgh, 1952 


to 




¥ 

25-l0**49 


4 

G, Snigh, 1953 




3 

2 

Cl PlmmmiMii mmMit, 1932 

C. S, Mimm Sfiva»t4v.i .ind lintt, 1951 





tABLE 





**0 

..,1 ,...L .1 .-Jt . - 

Locality 

Time of 

Number 

S tJ 

Species of Gercariae 

Qolleotio» Collected 


Alfred Park 

27-U'-’49 

48 

1 

C Plasmiouhis Singh, 1952 




1 

C mufi Singh, 1952 




1 

c. hurnifurta Singh, 1953 




1 

C. bioeukta Singh, 1953 

Delhupur 

3-U-’49 

549 

1 

C. bioculata Singh, 1953 


to 





23-U“*49 


2 

C. PUfsmiorcMs orientalis Singh, 1952 




1 

C, hornifurea Singh, 1953 




1 

C. S. imtmm Srivastava and Dutt, 1952 




4 

C. anuri Singh. 1952 

Ahimanpur 

3-ii-’49 

147 

2 

C. Plamiordis orient^is Singh, 1 052 




1 

C. kngie&udttta Singh, 1953 




1 

C. tthimanpurensis Singh, 1953 




2 

C. S. indieum Srivastava and Dutt, 1951 

Delhupur 

7-12H9 

406 

1 

C, d$lhupurmsu Singh, 1953 


to 





U4-’50 




Ahimanpur 

27-3-’50 

919 

6 

C. S. indmm Srivastava and Dutt, 1951 


to 





11-6*50 


‘ 1 

C. delhupurensis Singh, 1952 




2 

C. spherkauda Singh, 1 952 ■ 




4 

C. hornifwta Singh, 1953 




4 

C, (CUnoskme) hunlen Singh, 1952 




1 

C. longimdata Singh, 1953 




2 

C. Plasmiorchis orimtelis, Singh, igS-^ 
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■rA»i4'. II 

Rtgms Xpnifit Cttmkl InfmMim 


tmmwihu mmtaUi Kii»uh, 1952 

(*, ((-ilinttfttttfti kfiftiffit 1952 

i;. .V. kiimm Sriv4*iav.* «m<| i)»tw. 1951 


(Allahabad Proper) 

€, hmmfmm Singh, 193;l 


€, IrngimudMn Singh, 1953 


C. mmi Sin|h, iil3S 


€. kimukm Singh, lf»r»3 


Gt A* indimm Sriw»»lava and llntt, 193) 


(*, mmalitta Singh, Hijis 
C. Singh, 

C\S, kdkumSrkmmm and fJnti, i‘JSl 

a nmmhieiMs Sirwii, 1932 





TABI.R Il-(CwiW.) 

Regions of Speeijic Cmetml Infestation 


r^OGALlTY 

GEROARIAE 

Phulpur 

Sobatiabagh 

€. Plasmiorchis orientalis Singh, 1952 

B. anuri Singh, 1952 

C. bioeulata Singh, 1953 

C. homfurca Singh, 1953 

C. longieaudala Singh, 1953 

C. S, indieum Srivastava and Dutt, 1951 

C, Plasmiorchis orienlalis Singh, 1952 


TABLE III 

Time of oppmnee and pemntage of Infeaion 


Species of cercariac 

No. of 
snails 
collec- 
ted 

Period of 
Collection 

Percen- 

tage 

Time of 
Appearance 

CVearta S. indicMm Srivastava and 
Dutt, 1951 

8057 

August 1948 
to June, 1950 

1*3 

Throughout the year 

Cmaria {Plasmiorchis) mentalis Singh, „ 
1952 


0-2 

Sept. Oct, Nov. 
and June, 

Ctrearia {Clinostme) AujiMerii Singh, 
1952 

fl 


0*08 

March, May and 
June. 

Ctreana anuri Singh, 1952 

*1 

>• 

0'4 

August, Sept, and 
Oct. 

Certaria sphetitauda Singh, 1952 


»» 

0-03 

Sept, and May. 

Cermia hornifutca Singh, 1953 


n 

0*8 

Oct., Dec. Jan., May 
and June. 

Cirearia longkaudata Singh, 1953 


n 

0*11 

Oct., Nov. Dec. and 
May, 

Osrearta bioadata Singh, 1953 



0*12 

Sept., Oct, Mach 
and June. 

Ctrearia delkupurmsis Singh, 1953 

*9 


0*004 

Dec. and May, 

Ctrearia oMmanpurtrms Singh, 1953 

n 

l» 

0*12 

Nov,, May and June. 
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RC£*I TI^C^ CTltm 


(1948) ifeported taut there is ne shch regular $empm\ flurtuaiimj* m ihe wfectbn 
with larval trematodw. 



MOMIHf FIO. I 

^. U to aW,«y«) .tokf 




A study of the seasonal infection in snail Indoplamthu nmtus (Deshayes) from 
month to month in Allahabad during the period Angiist, 1948 to July, 1949 shows 
two peaks indicating the highest percentage of infection with cercariae (Fig. 1). 
About 2 6% of snails are infected in Augvist and this is some what regular with an 
infection of 2% in Septemlrcr to 2 23% in October following which there is a fall in 
November to Suddenly the rate of infretbn rises to a maximum of 10‘SX in 

December. Beginning with 6*9f>% inrectlon in January, there is again a gradual 
decrease in the degree of infection to about 1‘0% in February, 1\3)^ in March till a 
minbauth of 6*31^ is rcftched in the month of April. This is following by another 
rise in May to 9*9. la June, there is again a fall in the degree of infection to 1*754, 
and after this period the rains start so that during July there is overflow of water 
in ponds and the molluscs can only be found with great difficulty. Towards the end 
of summer and early rainfall, the percentage of ijdcctimi decreases to about 3*28 
in August. Observations on distribution of individual species of cercariae also 
explains the tendency of rise and fall in the rate of infection in snails. 



Hg. U. l»wcei«*!gc of inftxttei nAh rf Sthhtmm liwifesw te MplmmM* mutus (Oofeayei) durini 

Au|i«t, IM le AupM, 19^ 
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observation on oisTftim’rioN ov iNntvit>it\f. si»i‘oie> oi oercuriar 

Infection in snail* with the crrcariar of .S‘, tmikm i« {^irvairtsi thr(>u*»h<mt the 
year but the infection rate varies from month to month (ioti '?'> Tltet e is 0‘33% 
infection in September, 0‘9i; in October aiidl apparently' no mfW torn in November. 
However, there is a rapitl increase to in Hrennlwi an«i «et%m jannary. 

After this period, there is again a decrease to fVps in hVl'i na» v, fh'Mn Match atw 

0'4 in April. Then ngaht, a rite to in May is followed i'y a deci rase to 0*0% 
in June and 0'6^ in August. 

The cerearia of Pkmimkh mtntaiii (spirorchidl »jr»ci ilml by the author in 

1952 is less prevalent .and appear* in Hepiendter, October, November and June, 
It is found in those localities where fresh water trtriot ies live. The mlults are 
parasitic in the ventricle of tortories and the egg* are passed along with the feces, 
The percentage of infection in snail* with this species is low c Table 3), 

The clinostome cercaria, Ctrmm kimttfii Singh, is prevalent in 

most of the collections and its distribution largely tlrjrrnd* on to the habits of various 
types of herons in which the adult cUnrmiome* live, The ipecies of the fish 
Ophiotephaks pundetus and Ophimphslm that live in tnuddy w.*»ters serve as 
the common hosts for the metacercariae. 

Among strigeid ccrcariae, Cmmk mmi Singh, l!t.52 i* most common in all 
localities and generally found in the month* August, Srpirmbrr anti tktohrr. It 
penetrates tadpoles of fmgs and develop* into a melacercai ia of iMimtmdm type, 
The percentage of infection it» snail* with ihi* specie* i# abom PT j m » totwl collec- 
tion of 8057 snails. The next com mon species i* C\ h§fm/mm Ningh, |y.53 that is 
common in two localities, Soltatiabi*}|h in Allidutbatl pmper and Village Delhupur. 
It occurs in combination with eercariii, of H, mlkmi, “rUc other strigeid ccrcariae 
C. ahimnpumsis Singh, 1953t C. kimkk Singh, !‘I53 ««:l CL Singh, 

1953 are present in most of the eoUeeiions usually with d Vi% infeeti*»n in snails, 

C. ahimai^mnsis is common in November, hiarch mid June; f;. bmAk in Septem- 
ber, October, March and June; G. IrngirntMa in October, N »ve,«b«r, W.’jcember and 
May (Table III). A study of Table II wilt show that iHL-ttnlala i* prevalent in 
Ahimanpur, Hundia, Alfred Park awl Sobatiabagb. Gmmfi$ is ettmmon 

in Ahimanpur, Sobatlabagh and Alfercd Park. Cmmk akimmpmmu i» mostly 
restricted to ponds near village Ahimanpur from where it w«* rolleetcd. 'Phe 
infection with CefMna Singh, 1952 awl Gmmk ddhupnmiis Singh, 1933 

in snails varies from 0-02,^ to OOSJ. The former appear* to be restricted to 
Ahimanpur area whereas the latter is camtnoti in Hcipupwr and Ahimanpur and 
could not be found m any other locality. 


MULTIPLE INFECnONS 

_ In these investigations, cases of multiple infetion* were rare. The observatiaw 
are m general agreement with those of Sewell (1922) awl PuW* (1929) who also 
found that multiple infections are rare. Wesenberg-Lund (1934) recorded that 
double infections m molluaks are of common occurrence, Cbmlderiitg ilie mechaniim 
that render double infections rare, Sewell (1922) and Dubois (1929) believe that 
penerationofthe first miracidium renders the host unfit phplologkiilly for further 
pentration either by destroying the chemotactic stimulus or by damugint the host 
stisuues and so prevent parasitic development. Cort «l rl (1937) after determining 
tastically the number of multiple infection* that would oceUr liy chance and 
comparing this number found that double infections with Cirmk itagakakt and any 
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other species occur in alnnn tl»c numhers r hut wouh! he I'xprclcrl hy chance. They 
further ol)srrv«i that tl>ere is no immunity or imingonisra occur rinu between 
trigeid species but on the other hand some sort of immunity or antagonism occurs 
between PkimthiH species of cercariae. Rankin (1939) observed some antagonism 
with Xiphidtmmm«. in any case the mechanism for such immtinity or antaKonisni 
has not yet been ascertained . / » ^ 

During present studies on furcoerreotts eereariar of four raafor groups s Spir- 
orchid, Olinostome .Schistosomr and Sti igrid, snails with two species of cercariac 
were rarely found. The only eondhnation was that of strigrid ceitaria, €. iwrnn 
/ufia Singh, I9r»3 with the cercaria of A', intikstm. 


SUMMARy AND UONOWIJilON 

Seasonal infestattoti of the common Indian snail, Indoplamrbis cxustim 
(Deshayes) with furcoeercous eercariae belonging to four groups Schistosome, Stri- 
geid, Spirorchid and Glinostome has been studied. The data presented here is 
an attempt to determinf! the p-^riodt when emergenc.*! of cerc.ariae is normal .and, 
therefore, infection* showing only completely developed cercariae arc included in 
the tables. 

The complete infection rrc«»rds for ten species of cercaii.ie prevalent during 
the period 194B Ibfpt from month to month as correlated in the lahlea show larger 
number of snails infected throughout the period with the rcrcai la itf S, indimm 
having two peaks one in December atid the other iu May. The infecthm in snails 
is prevalent throughout the year. I he next common infection is with strigeid 
cercariae and there is compat ativcly low incidenee of infection with Glinostome 
and spirorchid ccreariiie. 

The data clearly itidicates tint ne.trly all types of furcocercous cercariae seem 
to adopt easily MapImmMs exmtm m a host in India, 'fhe studies confirm the 
view of Miller and Nortliup (lll'iti) that there is seini anmul lisc and fidl in the 
incidence of infection which may be due lo the migratory habits of the definitive 
hosts and the degree of their infcsiation as well as the life span of the snail host. 
However, some times this may not be true as neither the degree of infection nor 
the nature of cercarial fauna of a locaUty is predictalde from one year to the next. 
This is because of the stock of the snails may be reduced so .as to constitute a poor 
reservoir for the next year. 

Further a particular specie* of cercaria may be found only once or twice in 
a given locality even though eolketions are continued over several years. Table 
1 shows tine such fiirm (J, fplmiemda Singli, 1952 which was found twice in a two 
years peri »d. Many «»f the cercariae upper to be distributed over the entire area 
whereas a few remain isolated in patiieular areas. 
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THE MUSCULAR SYSTEM OF POMSTMS llUSBRABUS (Pahr,)* 


n* 

R. l\ SAKSRNA 
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f RcceiveiJ on 1 :Uh t)rfnnli« I95R. 1 

INTROlKiartON 

Altho»»gh 'A Root! tUuil of mwipliological work is heing done in foreign countries, 
there is a great need for eontpfelierwive morphological work on Indian Insect types. 
The present work was undertaken to fdl up this gap. PoUstes ksbraeus (Fabr.) the 
common yCUow-wasp has been selected as a type because it is found throughout the 
greater part of the country almost all the year round, and above all, the type 
is suitable for such a study . 
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MAmRIAt. AND TKaiNlQjJE 

For the purpo,ses trf dissections the adults on wings were caught in hand nets, 
while the larval and popal stages were coUeoted from the combs. ^ Dissections were 
performed under varying powers irf a binocular microscope in normal s^ne 
immediately after killing the insects in cyanide bottles. They were then firtnly tucca 
in hard parallln (blaakened with soot) in small dissecting dishes. 


OBSERVA'noNJj 

Muscles arc responsible for the movements of the various 
body. lake higher animals, insectmuiscles arc f 

An insect has ten times as many muscles as. man. Each muscle dllfer- 

J Urge area of one or other sclcritc and is inserted on some clutmous ridge of a ptuer 

cut piece, which is intended to be moved* 

The musculature in PoUstes may be de^ribed under the 
heads :~l. Muscles of the head; 2. Muscles ol the thorax; and 3. Muscles of the 
abdomen* ir ’ 

•i Museks<(fthekiad^mKlt% of the head fall into ‘‘'e foUowing groups;^ 
, i. Muscles of the Mouth Farts; 2. Fharrngcal muscles; 3. Antennal muscles, 
4. Cervical muscles. 

The Mouth parts of Polisks htbraeus (Fabr.) are complicated structures, func- 
tioning as an clliclcnt chewing apparatus. The musculature is, therefore, corres- 
ppndingly complicated and its high development is directly correlated J'”® 
,i peculiar nest’building habits of this wasp. Ihcre arc altogether 
connected directly with the mouth parts. Most of these muscles take their 
directly from the exoskcleton of tne Iscad capsule, whde some arise from 
. .tentorium. 


■ •Abridged fraanhe tb«lj subtnitted for ^oetoraic degree. 
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The fonnwitig muscles are .msiwiiilo! with the timuth p,%t u : . c >tie Ah(lucto*> 

and one Adductor nmMMmx, oue sri witli rath niimldiSr; y. Two maU 
maxillary rotators and two ni.ixill »ry levators, mu’ srt o» r irh »i ir . ;}. A p,dr of 
labial adductors and a pair orah.lurlors. I'he labrum has « t patio nhrr museie bat 
is operated by a miinber of muscle fibres arising fiirui the « h pen* an*! 
the chitinous arm of the pharyngeal plate. 

Thi Mandibular in the hypogmiihom l iimlitinn «»f iln* bead 

mandibles are vential and cover the tumuli, five jjw ,, tniieulated to tbe 
pleurostomal margin of the cranium by the miter edge of i|v t Maiiguljir hasp and Is 
actuated by a powerful muscle » th * Alflui ior or the Pt«*suia«*r |Pi. I, Fig. 3, MA) 
It is a very large fan-shaped co iipltcvled ffluscle litmjlie, ai iviij| p»rt!y l'r.«« the 
ocular apodeme and to a greater exieiu from the lateral walls of ih- head capiule 
reaching up to the middle of the inter-ocellar spic!*. It i» iusertal on a very 
prominent apodeme on the inner apex of the base of ih’* imi Idile. |j i* e impasel 
of several bundles of muscle fibres running p isierad iVoiU a toitf apophysis and Is 
consequently a powerful muscle to cU»s« tlte mandible* ami to help Li carryini om 
the function of gnawinj, tearinf an I cbewinii, Th? so, fays of iiMrrtion of the 
mandibular adductor k remarkable in that it is a vwy broad lUt siruciure at the 
base and continued into a slender apophysis iiearly to liie roof of ih- h?al capmfc 
with bundles of muscle-flhrcs arising from it tin the posinitir sul?. Laterally^ the 
mandibular adductor gives branches arising p.tri!y rr<,»!n the ocular apodeme and 
partly from the gcno-ticcipitalis. 


I he rcinotor ol the mandible (Mrt) wltit-ji i# ,i sm ill ujnsvir. ai isp* frum Afi 
ventrolateral wall of the cranimn itnd is insetted to a small aAulpiiie on the ■»«**» 
side of the mandibular base cltisR to the postei ior iiiaiiiltliular aontly je. 

TAc Mexitlarj/ The maxillary muscles c.ouipi isr ilu«e wbirdi move thii 

appendage as a whole ami also those which brmg the termmal lobes, palps and 
*'*!•’ P appendage is wwrkcti l»y a nniitle (li. I Figs. 1 and 

/, Md) arising irom the lateral reghin tif the gular area m from the epistomtl 
bridge and is inserted on a small transverse aptxleme m the ends of the tarda, 
prao museks, one on each side, lower the apjwiidage in a vertical plane. It k 

lndiuscHTo?th7 “1**^“* **f^^‘* «*<«*« *be gewoclyiical apodewe 

rMi rc JncTcW^^^ muielcs, {UM and 

outer n ^ From e^di of the inner 

.1 H I is insetted on the galea and 

origin itiiitf from ^*^*”8*t*8, struciurcs iiiti* play. A tmiscle iFig. 2, SI) 
is inserted^ on ih.- Posterior margin of the irniorium Awgifadwal mtimdit 

muscles (Min') oritfiniii'ini r ** f^**^*^^**^ by a pair of small palpi 

of the Il'oiUodywlTltUu^^^ ** ‘*****' ***** 

tentorium with tlL clvoeusfio.l .«■’** **« »** ***** tlyjieofioiiiol liiain.h of the 

The retractor (N) of thi kbhn«uTeM *V^ **••* **‘**'‘“*‘* 

'Wall' of the head camulf** unri'j® huge itiitulr^ wtiii-li lii tin mi itif» ftieiiit 

The levators nf the gliri) olSiam Sn\ho?r’‘r ***^****''“*»*«‘ 

mentum and are inserted W i**®*^'* “'*}** ******** ***• “*«<»» »»»d' 

is a single median muscle *c k llie dujiirssoi of the ghmse 

through the deep cavity of the mernum^nlt * 'i ***^**‘*2 *•*«•»*»»<«•* After runnini 
8 P cavity ot tne mentum and submmwtii »i between the two dcpr» 
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sors of the Rlossac, k ts inset ir*l nt the hn<tr nf the appc tnlapir. The Initial pulps 
are also provided with kvators and depressttrs, wliich originate latciully in the walls 
of the inenlum, 

Tlie lahntm has tio rnnsck of its own hnt it is conueried to the 
epipharynx hy tneans of a ttiemlirane. The epipharynx is drawtt in by means 
of a nntsek arising frotti the anterior surface of the httecal ehamber and 
inserted on it laterally, lyrawing in or tmi of the epipharyngeal nieinbanc moves tltc 
labrum in an antero<|jostfrit»r direfliom 

—'rite pharyngeal cavity is Increased hy the eontraciiott of 
a pair of muscles (I'**** the DUatimn sihrii (Tpm Fig. 2, e) which originate 

from the clypeus iind are imertetl on the epipharyngeal surfatte of the etharhim (i*'). 
Its ervity is decreased hy another pair ttf large muscles the tittmtmsmigidmttmmsiQ) 
originating on the froiis and inser t«l on the ttral branches of the pharyngeal plate. 
These muscles futther help in passittg the foml into the pharytigeal opening. A large 
number of smtill intisck m>rcs D lstms bamik (b) arising from the ciypcus latero- 
ventrally, run ttiwards the anterior side for a short distance anti .arc inserted to the 
arms of the pliaryngral plate. A few fibrea also rim mrsially. All these musdes 
increase the buccal and ciharial cavities and aktr help in pusldng tlie fooi into the 
oral chamter. 

A atnall ackrite of the shape of a tlmwn-out *‘S“ hordcis the preoral ctivity 
laterally and lies in between the tnaxilla and the hy|»phttrynx and may be called 
llyptipk$Tjngml imptmmim {k). A timsck (t) miginaiiiig from the lateral surface 
of the membrane enclosing the preoral cavity is inserted on the doim! end of the 
arms of tlte p}««yti|eal plate. Attother small muscle the tmtm&l rtimtur (T) of the 
hyiMjpharynx ori|tinMrs from the vrniial apotlernal process of the tmtsmm 
tmmrsd and is Inurt^rd on the phai yngral plate which is drawn ptwieriorly. A 
muscle the iHlMmn /mU phmjHgmiti (a) originates ftom the vertex ptMterolalerally 
and is inserted on the iini row eml of the pharynx just before its passing through the 
occipital foramen. Twt» stnali tmiscks (l>) the Matum ampltageaks doisalis and 
mtulis arise frtnn the posteneiiori.il and ventral margins td the occipital apmkrnc 
respectively and are insetted tin tltc corre»{MU»ding sides of the oesophagus. 

The salivary chamlter is alsti dilated hy two pairs of lahial muscles, »>ue arising 
from the prentcnium and the other from the Inlet at walls of the hypopharyngeal 
plate. These »re Insetted on the doisal surface of the salivary clumthcr. 

Antmmrp wmikr— There are four _ muscles of the antenna, Two pairs, one 
smaller and the other slightly larger arise from the ifntorim kmgiMmt miimaUs 
and arc inserted on the ptoximni awl the distal aporkmes tif the condylar process of 
the scape respectively. There i« one big levator originating from the anterior portion 
of liiitmm imgiMml mtmmUs »«tl inseried on the tlttrstd side ttf aiitcmial 
aporleinc. Another Irlg depressor muscle otighiales ftom the posterior wution ttf the 
same and » inseilrd on the ventral side of the anteimsil aptxkmr . The other two 
smaller nutscles originate from the internal and the external side ^of the same arm 
of the te»jn»rluin awl are brserted on the internal awl external side of the antennal 
apt'tdcmc respectively, ’Titese impart the antenna a sideways ntovement. The 
muscles ol the pedicel ttrigiuate almost on the whole length t»f the dorsal and 
ventral tid« t#the scape and are iiweried on apodeinc of the pedicel dorsally and 
vetrtrally. Tte Hagcllmn i# devoid of any muscle and omseriuemly iti joint* 
can not be individually moved, nlthough the nature of it* articulaiitin gives it » good 
amount of flexibility. 
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MtlSCl KS OF THF. THORAX 

Thoracic muscles ofPolisies may Ue eonsidried «jntler the foUowiuK heads 
1 . Muscles of prothomx» mcsothoiax and mcialhorax, 2, Muscles of the wings 
and 3, Muscles of tli« lep* 

Miisdm of dn Pfolhorax-^Thtm ine.lmlr. the niuscks, which are attachetl to 
the various scieriies i>f this regtott ami also those which connect it to the neck as 
well as the mesothorAX. 

Mmehn of tk rnnk-^Only two nuwrments of the head are possible, it cm 
be moved up and down and to a very slight extent sitle-ways. The upward tnove- 
ment is etfeclcd by a pair of long muscles (Text Fig. 3, F), one on each aide which 
origimtte from either lateral margins of tire dorsal surface of the Hat profurcal plate 
anti after running in a forward direction, are inserted mr the dorsolateral margin of 
the occipital apt^eme close to the mesal litre. Another pair (K. ), inserted laterally, 
originates from the aides rtf the proplettron. 'Fhese muscles itnpatt lateral 
movement to the head to a little extcttl. 'rire head is depressed by a huge mtiscie 
which arises from the whole of tire upper sbmt apopiiysis after receiving the muscle 
fibres from vaiious directions and is finuily insetted to the ventral side of the 
occipital apixltme. 

Otk«r mmdti —The head is further moved by two pairs rtf indirect muscles 
which arc inserted ott the small !i{«i*lrme at the base of the cervical process of the 
propiettra. tine of them »t» igimtles front tlie inner margin of the profurcal plate .and 
another (tn) frtmi the anterior side of the propletna. 

A small mu»t;lc {1*1 1, Fig. ?, nt ) binds llie prmcuiellum to the pro- 
pleuron. Uther muscles, the terg*i}ileu(*tls cormeci the pr»wcut«m to the propleuron. 
They originate IVttin the antrtiitr inar^in of the. proscutum close ttt each other anil 
are insetted on the tip »md llte base of propleurtm process. Another mnsde origi* 
nates from the anterior margin of the proscuturn yeniralty anti is itwerled to the. 
lip of the propleunm pmeess (c). The action of these muscles Itrings ahotit an 
increase and decrease in the circuntfcrence of this region, 

# 

The prtjscutflium i* connected to the inesosttiium by means ttf twt» pairs of 
muscles, one originates mrtsrlly ami the other slightly laterally. They are 
inserted on the anterolateral margin ttf the mesoseulutn (Text Fig. 3, P.F and r). 

Mttsdn oj Mm mi Mm tAerfts—'rhe entire rneso and metath»*racic space 
is occupied by a large ntiinlier of nmseirs. 31»es«t operate the wings directly or 
indirectly. The indirect wing must Irs are very powerftil anti ptunitrenl and trccupy 
nearly three-fourth ttf the space. Tliey ar e not directly inserted to the wing base 
but stretdt between the walls tir the tht«rax. A c«tntr«cii»>n of these bringi about a 
change in the shsijre of the thorax which ultimalely results in imparling an upwartl ttr 
downward movement to the wings. There _i« another set of muscles, Inserwl to the 
wing base sclerites and they are iTSjwtnsible for direatiy moving the wings, 

The horr/onlalindircct wing muscle is the largest nniscle in the btKly and 
consists of a large jjumber tif buiwlles «>f lotigiiwiitml tmisele fibres, running between 
the anterior pbragroft ttf the mfso-sctnum atul the lu^tcritir phragina of the pt>«« 
scutellum. There are two mtisies of these bundles, one on each side of the niiddle 
line twcupyiiig nearly the whole of the mcrlian dorsal space of the tlnrrax. 'rhis ha# 
been called the Jhrtd Muttk (Text Fig. 4, Do) by Snodgrass. The oblipi donel 
muscles, as found in other insects are al«eni in Folktcs, 
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Lateial to thrsr thnr t.i aitothi'r lnit?r «mis«U'. whi»li stv.tiiHH .j.nso- 
vciitmlty inrsothoracii* triRitr aiuJ tl,r stntnjui .u«l ihn vrnira! mtt 

of ihn plc'uron. 'S'his jnusclo is *MUril 'IVt go sUn n.tl (R) t,y Snoik'iass 
On contnu'tion il ralucrs thr rurvaUir*’ ofthr tngmn wltsth rrsuUs in an iinwara 
movcntotjt of tin’' wntg* I Un i (’location ktings itkotit a tlownwiird niotit>tn A 
similar changf, although in a iliilVi rnt phinr^in ihr cm vaturr of thr mrsollnnarir, 
tergitr is hionght ahoiii !>v «l»r Dorsal mnsdr. Tltr raising hikI th prrssittg of thr 
wings arr thr cumnlativr rrsoUs <il ihr action of l*oiU thrsr nutsrlrs. Tiw trrgo- 
stomal mnsclrs air fntirtiimallv atuagotnsts of tint rlmsals, hrcansr mt ronttio tion 
thry (IrpirKS thr irtgti ti wln-rras Ihp Dotsala rU vatr it. M hr rotittattion ol thr 
tergo-sirrn.il irstihs itt raising thn wings itiii! iliHt of thr Dotsals in iowrrmg thrm 
and vice vris.i. A small m asclr aiiong from the propknja m msettrti on the 
vcntro-latrral aspect t>f the profniral plates ( I'rxt If.) 

The Direct wing tnusclrs are a set of small mtwcles which move the wing in 

a horizontal plane forwaols an I hackwartls ; the inovenicnt hring tuitird tipon 
the pleural ami notal wing protmrs. They lie agaiim the inner «uil.ice of the 
pkuron (Text Fig. H ami ami rmch wing is imlepentlcnily snpplietl with 
its own set. 

The. lotTwing is proviilcil with an r)tten».»r {Trst Fig, h, Fj which oiigitialrs: 
from an apodciiie onto the Pont pait of the anepislertinm of the mrsothorast. It 
forms a long amt thin apophyrH, which after running along the antetior margin of 
the mesoplrtiron. is inirttwl on the jiaiaptesal plate, which coaksers with the atttetior 
part of the wing hate cauiittg a foiwatcl m»»vetitfiit of thr wing on con tract ion. In 
wasps this inwsclr ta very piominrnt and lie,* anteriorly. 

Its aaiott ta trjipoaed hy a art of !w»i mnsrjes the llrxnts.—jiutilly insertrtl on 
the 3rd, axillary of the wing l«isr, In this wasp, they rimsisl of two pans only 
one origitiating fr«im thr anirriiii margin tif the miepiaterttum (a, h) ami the <tther 
from the midtlle ofthe epbiemum (c). I hryfoim long tendons hefore they me 
inserted to the .fnl axillary. r»irir contraction rrsutts hi moving the wings hack- 
wards. According to Htrllwaag the coinhinrd iuti*jn of all these mti.scrr.s gives 
the wings a seini-rolary movement, riie esteiiHH mid the (lexor muscles owing to 
their Ihscriion mi the axillarics, may he called the axillRry wing muscles. 

Besides the tihovr there is a liasahir (Fig. .% It) which in wasps has « cnxo- 
axillary hranch (Fig. h, ») insrrtrri to the Snhalar plate. It rn'iitdy «itiKinmr» 
from the hmer face of the rpistrtinim hy a large titiinhrr of mostte hhirs. wlWh 
form an apophyiis, in the lortnaiton of which si huge imniher of mustle fihies 
converging to a tcmlon-likc slfuclurc attached to m coxa, also take part, 

A Swhalai muscle (Fig. s) originalrs from the ventral pm lion trf the 
episternum, runs along its posterior murgm and is itMiettrd hy meutts of a irndon 
on the outer end of the scutellum, According to istettwagg it depresses the wing 
process of the scutclUim, ‘ ■■ ■ ■ « 

A small muselr iineiied to the margin of the rpintrron originates from the 
humeral pl.ite (Fig, fr, h| ‘riiis has not been reemded it» far, 

.1 . wings also p«»*»rss a Bimilar set of tltreci imiacles coireftinimhng to 

those oHhchircwing but the indirect muscle.^ are ateent. The extensor ol the 
hma wing ‘‘P two branches { lext Fig, 6, h) while the llcxwt 
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Tilt' pus* scutclliim ifi CtmiK'cti'd to sht* iUUortor fiiff <>{ thr !nr!at!un.H'!o furi'.l 
by bm«nt's<!f nitisck lilni's, wbitb siicich in l*rtwt‘<'n thctn lalniilly ( IVsl Fii>,s. 3 & 4) 
A pair of'musclcij nriginntiips; (Vntn ihr priMi't br nf (hr inofuro cxttnids to the 
anterior tip of the dorsal phitrs of llir mrso (urea «m each sid«* (ToKt. Fi-p 3, n 
and Test lifp I, M) A sreond pair aiisitig from the anterior arm of t!m inesofurca 
is inserted to the lateral arms of the profurea {Text %. 3, r) A third pair (y) 
originating (Vom the lalcro-ventral face of the dttrsal plate of the nies«»furca is inserted 
laterally close to the previotis nnisele. 

Museka nf thf. ttmsrles by which legs are attached, take their origin 
in their rt spective thoracic segments to which they helong ami arc inserted in the 
coxae at the proximal marginal apodetnes. Mnsdes of the. leg segments generally 
take their origin in the segnienl immediately proximal to the one on which they 
are inserted. 

Museks oj 0 xa -In hdrunif the coxae are dorsally articulated to 

the pleura and ventrally to the sterna which limit their movements to a type of 
hinge with the axis in a transverse plane. They can conseqttently move In the 
anterior and posterior directions only. The musculature of the eoxatJ' is thus 
simple. 

Csxd mmksqf thf fml«g-^Thc coxa of the foreleg (Text fig. 7, I*) is worked by 
a set of muscles which take ilifir origin in the prothorax and are inserted on the 
proximal apodente of the coxa. The muscle o»» the trochanter also assist it. Ttic coxa 
is depressed fry a muscle whiclt arises «n the projdeuron (p) htterad ami is inserted on 
the outer anterior maigin of the cjixal sprtdeme (rexi Fig. 7, L) The other 
depressor orightalrs from the lower side of the prosternal plate and is inserted to the 
inner anterior margin, pttllmg the leg forwards and iiiwards ( Fext fiig 7, d) 

Tlte kvator* are three in mtmher. One rif tliem originates frmn the, tip of the 
po8tero»dorial process of the lateral margto of the propleurtm and is inserted to the 
posterior margin of the coxa. '1 his muscic is extremely slender (Text fig. 7, f) 
‘I’he main levator, however, otiginates At the posterior margin of the above 
mentioned prijcesaof the proplettron, piutly frmn its lateral surface and partly from 
the profurcal arm (Text tig. 7, 1) It passes through the coxal eaivily and receives 
a large number of rruttclc fibres frotn the imrer and ouirr proximal surfaces of 
the crrxa forniing a long but irroad apophysis, which is finally tnseiterl ort tire dorsal 
apodeme of the trochanter. Another muscle, acting as a kvaior arises bom the 
posterior lower side t»f the pfobitcal plate (F) and is ittseried on the outer maigin 
of the coxal apodeme ( Text Fig. 7 K, 

Cmal mttHukinrt t>f th mitldk The levator ( rext Fig. fJ, Q,) of the coxa is 
a big muscle which otiginatrs from the ventrally curved episternurn at its outer 
margin and it inscrictl on the outer dorsai side of the coxal apodeme. 

The deiprrssor i» a huge muscle com{xiscd of a smaller limncli (Text Fig. 8, D), 
which arises from the vrntr.rl convex margin of the mesofurca ami a lugger muscle 
trunk (d) frtun the mesal rhlge of the tiieiostcrnum (M). It is inserted on the inner 
ventral sklc of the coxal apodeme. 

A large nmicle (R) which also nets as a depressor to the whole of the leg is 
composed of two branches, one smaller brjincli (1) oi iginating from the arm of the. 
me8ofur«l apodeme wltich run* hiterally along the meiHpleiiml suture, and the 
other (2) bigger muscle bundle arising from ilie dorsal plate of the fitrca, Hoth td 
them form a long apophysis, which alter passing thiough the coxa receive.* the fibres 
irom the ventral area of the coxa. This apophysis is inserted on the Kodumterai 
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apodemc vcntiAlly. The biggei Inatich alsi* iTcrivrs a few iihii-s tram uni: of the 
wing bast- sclciite and thus serves iis subnbu niusclc as well. 

TJte nmmlatun i\f iiu hind —The bind coxa is worked by the following 
mwseks— two coxtvpleurak are inserted on the ventrolateral side of the coxal 
apodcitie CT‘'5«t **' *''*'**' »h iginairs frotn the lateral side of the 

lower pleural plate and the ventral iirni of llir tipper one, and the. second from the 
ventral surface of the pletu a and a few fibres from the inetastmia (M). Ihese 
muscles move the coxa antetimly. the ftist a little outward and the second inward. 

A delicate subalar nniscles (Trst Fig. !) S) stretches across the dorsolateral 
coxal apodemc posteriorly .and after passing through the foramen of the nieta 
thoracic furca, joins the ap rphysis of the alary muscles lodged in the upper plate of 
the rneta pleuron on its anterior side and is finally inserted on the second axillary tZ) 
of the hind wing. This muscle jmsscsse* apophyses at both ends with a few muscle 
fibres in between. During flight, the legs are kept freely hanging vertically, and the 
reason of it appears to bs ithe action of the muscle. 

Another big mmcle consisting of a small branch ( Text fig, 9, a) originating from 
the postcrodorsal portion of the nic8.tl ridge of the sternum and a big one t,A) from 
the upper portion of the ptMicrior face of the meta furca and lateral apodemc of the 
lower plate of the pleura, is inserted on the inner Kdgc.s of the coxal apodemc the 
dorsal side. This Is the coxo*strrnal muscle and draws the coXtt upwards giving the 
leg a posterior movement. ' , ‘ 

Another very large muscle consisting tif two branches originates from this 
region, The smaller branch (b) origiitittes I tom the mesal side of the inetafurca and 
the bigger one (c) from the lower jauiioti of the meia furca. They form an elongated 
Mrly broad apophysis (c). This enters the ctjsal cavity wad during its course 
it receives muscle hbrri from the ventral base of the coxa and is finally 
inserted on the ventral Up of the trochanter. This foims a very powerful muscle 
which depresses the leg and also stretches it. 

MmU$ of lA# trasAanisr—The trochanter forms a dicondylic hinge Joint with the 
coxa by means of an anterior and a posterior articulation in a'lransverse plane result* 
ing in the upward and downward movemrnii of the distal porti«jn of the leg. A huge 
muscle (PI. in, Figs 2 and 4, H) ortiiiiailibi in the metathorax has just been described. 
A few fibres (a) from the ventral area of the coxa j iin this long apophysis. It is 
further provided with a pair of levator rnuiclrs (PI. Ill, flf. 2, i and fig- 4, N) which 
after originating from the dorsal wall of the coxa, arc inserted on the antcriMlorsal 
lip of the trochanter. They act a* a depres-ser. 

Musdts of f*mm !~The movement Ireiween the iroehter and the femur is 
very slight. I’he femur possesses a levator (PI. Ill, Fig. 2. k) which origi- 
nates from the dorsal tnargia of the femoral apodeme and a short depressor (f) which 
originates from the ventral surface of the trochanter and inserted m the femur 
ventrally. The femur, in fact, move.*! in a Utile forward direction under the influ* 
ence of the coxo-trochanieral hinge, 

Muidtf oj th« liiMa— A big levator (PI, III, Fig. 2, x) originatei from the 
lateral and to a rerimn exirni fumi the dorsal walls of the femur. It forms a bro^ 
apophysis and is insetted on tlw dorsal margin of the tibial apodemc. Another big 
muscle (d) which occupies nearly half of the femoral cavity wlginatutg fr«»i the 
veatal wall of the femur li inserted on the ventral margin of the tihlal apdeme by 
means of a broad apophysh. I'liis is the deprewor. A number of fibres arising 
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from the dorso-proxiWAl enJ iifih** feonir .w'l ff jni ihr isansv, m ■ *i' > Irmr* at ihf 
proximal end of the frinur jdn ii>j!ejh'’r »-* f»>iin a j'-njim hi** ip.j.*;., ,i 
nms through the frmmvd euvity find puisrs ih» <»i th,- jj 

depressor of the tarsi* and nftrr going ihiough the ravitir'. ! .* th.- u )-i instrifd m 
the uriguitractur phUe. Itesidr# the ahovr, a ti w hlrt r* ,,J t!.<- hi.; tWiSto 
form another very slender .ijwphysi* (v) whirh «s ..»( f!,p i 

Up of the tibia on the miter side, ehne |.i the ins?«ttinn «»!' i!*r !«r nifj tion, {r. ' * 

<»/ I/ll* hiitmm Irvatm {11, III, I iks, ';i,r ..{gnyttiw ftum 

the inner dorsid margin of the disiu! ihitd of the tdoa, »» »«»es«f rl mi dieit«r.,u 
margin of the prelarsiw apodenir, 

The apophysis (A) which lead* toihe ini^uHiarim tdaie »r»rivr» j» 
from the ventral margin at the proximal third of ihr f,»r abowt i»„|. ly,^ ,jj> ^ 
length in this region. It, later on, passn bryrmd into the ptrimsal eovity a«d '.{iii 
further thtough other tarsi. r « 

A ftw fibres aiising fitin the piosittml vrinsal »idr of the tiWa join loKtkr 
to form a tender apodeiwo which is itiwtird «i ihr innrr lOArginal ap^eae 
cl the pretarsMS and I* a littk mrsad. Thisarln m anoihrr »?rp»r»*or wMc'le (h).' 

A big dcptCBor mwstlit (a) miginatis from ihr dir|«l ihird of the UW# 
mainly fiom its outer vtntral shirs, and »* msciird mi tbr * tun no iKinuftb 
pretarsus. 


Tk Mmukiar^itJ tk Mifmrn —The wtisriilaime of »hr (»Ud.,oorti is r.ithrr rck* 
tively simple, some of the tmtirUs found in the altrlwtnrn «.! ifir h,.jir ^ Prr me absent 
in the, wasp. The imiseuktiiie of the thiid t.» the ksi >,|iprt,c»t »rgi»jrm j# tynkal 
and alike, while variations exist in the Mr»t, «rron4 iin.j the irnnitMl seRineiits 
These will he considered separately, Mtiscle# in grnr»#a ongn.aic ffmn the Inner 
surface of the tergitrsor strrnites and their place* i*f «ri|t»n are generally markctl bv 
dark red or brown spots exietnally and ate immni on the inm^inai antrcostal npl 
d^sniC'S* All th© sctefitcii wiriiit. w©!! iih liite ia 

tire posterior third with pstcrlorly dlretted lm»p laieiatl. In t xirnial view ihii 
appears to be a hrownbh black line with petforaiiPti*. I w ihii apmleino b attached 
the mterse|mental unembrane and the arm of the «rlr,ite lying on is* posiwbr side 
overlaps the following scgoim and is free fiimi any oii«tHn,r,u .d mwclei. All 
muscles thus arise anterior to this laicr-segmenial ap,«}rmrtt |n,r. Mn.cb* are also 
scleri^ antcro* lateral triangular piouf»#r» nf ujr iinire«»ial npmlrnie of each 


. , , THE MUffCl'bAIURE Of A 1'VIICAI, sPt.MPNl 

two mab heads^ vk*^** thoL'orbfoati^*^*?’**®^ considered unde 

sternites. «‘*8‘«ai«‘g from the jcrgiif* arol those from tb< 

(a) Tergal Mwete—The following rnuiclci have iheii origin on the irrga s-» 

laterally just^ehincfthe'bmatfamr^^^ *’*’f *”* »idr. faiigiiiHiing antw 

the narrow anlecostal apodeme of ihMoif ”*^'* *^***^* ““** ‘’od iiwrited tt 

the external dorsal Sfai^d ! to findogou* witl 

segments resulting in reducing th^ wf**^.®®**i*’* .^•*’8* iihont a drawing-in of tk 
c}rcumferenee (TexteFIg. 4 T) *^Tho l«?l* ’ i**i * abdomen hm inciousing its 
6 > h ■ he internal dorsal rnuscle i$ alisciii in wasps, 
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1 A pair of thick hut short mnsclrs (Text Fig. 4, IJ) originates laterally 
behind the antccosta and is nnerted along the outer lateral margin of the correspond- 
ing sterna. Its contraction brings the sternitc closer to the tergite thus depressing 
the body and reducing its circumference. It is the main Tergo-sternal muscle. 

3. A pair of small nuisclcs (Tm 3) originates latcially from the tergite, some- 
what dorsad of the tergo-sternal muscles close to the anterior margin and is inserted 
on the posterior margin of the lateral process of the corresponding sternite. On 
contraction it draws the anterior margin and helps in awatding curvature to the 
body provided the ventral muscle also simultaneously contracts. 

4. Another small Pair (v) originating on the tergite a little posterior to the 
muscle described above, is inserted on the outside of the large antecostal apodeme 
of the corresponding Mcrnile. These two muscles work in harmony and probably 
also draw out the sternite to elongate the body. 

Besides the dorsal muscle, two other pairs of muscles further establish the inter- 
tergal relations. One of these two pairs ( Text Fig. 4, w) originating from the large 
antecostal apodeme slightly dorsal to the tergo-stcrnal muscle, runs postero-ventrally 
and is inserted on the outer margin of the. base of the antcro-lateral tergal process 
of the following segment. This brings the proximity of the tergites closer, The 
second pair (x) originates from the inwrsegmcnlal apodemal loop and is inserted on 
the anterior tip of the antfr«>latcral tergal process of the following segment. This 
imparts curvature to the lergitrs. The tergites and the sternita are further held 
together by means of n smidl muscle (y) which originates from the Inner lateral 
margin of the tergite and is inserted on the outer posterior margin of the lateral 
triangular process of the corresponding sternite. 

(6) Stmal iRttielrs— The following muscles have their origin on the sterna 

1. One pair of elongated muscles, originating from the lateral antecostal 
processes running inesially, are inserted on the narrow anterior antecostal apodeme 
.'fthe ncxt-sclerite. This is the Extmd Vm’rd muscle and it serves the same 
purpose as the Mxtmd Dmd (Text Fig. 4, Stn). 

2, A large muscle (Sn) originates from the intersegmental apodemal loop and 
is inserted on the outer surface of the antecostal process of the following sternite 
This muscle counteracts the other Tergo-stcrnal muscles (U and V). 

MUSCULATORS OF THE PROFODEUM 

From the propodeum arise the muscles which are responsible for the move- 
ment of the abdomen as a whole. TTie abdomen is depressed by a pair of muscles 
(Text Fig. 4, A) one on each side, and these arise laterad on the metasternum 
and are mseited on the inner lateral margins of the first abdominal sternke bor- 
dering the petiole anteriorly, lliesc are short stout muscles and He mcsially in 
the propodeum. 

The levators of the abdomen arc composed of two pairs of muscle bundles, 
one pair originates from the inner surface of each lateral half of the propodeum 
separately and forms a broad elongated apophysis (Text Fig. 4, B) the other 
pair of muscle bundles (G) arises from the postero- dorsal inwardly curved margin 
of the inctathoriix and forms a long stout apophysis, which meets that of the 
first pair. The two apophyses again meet to form a common median tendon 
which is inserted on the transverse apodeme at the base of the petiole. 

(*07 ] 



fwo Inuidbs, one «lii»rs<>-J,i?ru»J .iii ] flir }«i-i 

the inward j»mjceti*m wf ihi’ iwa . 

roetapieurou and are insfrted jnor ' «*c Icses sirpasaii'K 
notch. The tloisai tniiiictn (i» d i'Am^ il'if’* 
ventral (E) a little downward* 

dSw‘Jrir"' 




^Ki a ^riii Wa* ' '»«* ’'P'-rulranJ'^ 


MUSCttt.AltiHB <)?• Tllfi 

The anterior end of this srainn** form* the » * 

muscles are msertel as diieussed mrdcr the moicrilatn* e'^d ihr 
The main tergal muscles of this segntmi arr:— 

»f 1 fn', 'ii li,'':? r 

thebaseof doml peiiolar region and mr mUfrd ..n ihr „ ^ ^ “P^'demcat 

.^hwd tergite. This results in TirrtwsIIi f 

.the angle between the second and third sternitr. ****’ *’*»’• •«t'»«ghtei(tit^ 

on the outer **’*’* ***’’«** is initrted 

of the third, tergite and itermte are fu*«i »■,«.*.*!!' aiHcrodaiera! , 

^ISf^gatbn of a large number of nniicle* i! T •*'**.**'^*' •* fanned l»y a# 

processes of the anteeosta. It sutwlir* tirw* « *’r^*^***'^ *”* ***®f<d 

petiokr segment, and also keeps it straight rLk «! ?!"”* ’*‘ 1 * *r «*•**«♦>»»«*» do the 
the b^y, £,c to the alimentary canal and uSS lt!'**'’*' *** venial to 

posterior region making that |brti«« cmiipfatively tify jJavy. ^ 

dome Sd^inSen^^^^ J****^* o«d attirtiof side of the 

stermte ; This i$ the proniotar ^‘*«*«* >.**rf ,tl j»„ition „r its ©«« 

the typical segment (T«s3rt^t% 4, Uh hwrwlogtii to the mmk d ■, 

takes its prig‘nfronf*the*Mgle^7then^^ Pair of wnsclrs Cfid) which 

.he stermte^and'is inserted internally on\e r"m SIL own Kll ^ ' 

:|tcrafLglfofthe?^^^^^ |wii»lar „«t,.|, and the 

^bdoftteot ■' ’ < ■**lf^€lltii:i tlfjiip lirwlittg nf ili 


, J .. 4.U' 

.%^U0bk 


The ' • ' ■ ' 'illR tilfftii r 

Ti *^^^^»tcrioTmar»i^^^ T * typical »cgmfiit rxcept thi 

the pMtero-lateral nnale ‘^'^ *'***'‘** i***^****' *h'* '«“*«»itr an 

Thu .. wb.». .0 ;!« 
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muscv-latuR!'. ov rnR \Ni> riu; oi rii!-. vvasi‘ 

The nsiia! set nf muscles I'liim l l^etween any se.|!n;'i>ls roimeet the telson 
to the prenetiinjt lerRit^. The telsun is (UtiU'he ! to itie iMnesp atemite by 

nieamol' o h>ne stout ninseie ( fext l’t. 1 . 5 , 4, ( J) nri^inAtin;» rm -ti its postet ior tip 

lateral fuwl inserted cm the margin of the lateral prnces* nf (he sternite. Aunthcr 
inusck (H) originates from the lateral side of the anterior antee,osta of the 

telton and is insf ited on the sternite sli;thlly anterior to the insertion point of the 

feirmer mtisele. A third mnsele (Ml takes its origin from the te.kon lattn'ally 
and is inserted at til- base of (he ti iaivinlar proe-ss of the e<irfe»p mdin)|. steniite. 

A small muscle ((,>) alio oi iginatiug mi the lateral side of the. teUoii, is further 
inserted close, to the posterior end of th<* big process of the steruite latcrad. A short 
but thick umsede (R) originates from the mid-l.tte.ral side, of the eighth sterna anti 
is inserted to the inside of the ajrodeme bordering its own process. This mascle, 
gives an impression that the processes are vestiges of the following tergitc. The 
author, however, attaches lillb* imp irt.mce to this Irecausi tltere is no other structure 
like the presence of a spiracle on this proecss to confirm the view. He, thercfm'e, 
considers it to be a process of the siernile hecatis:' the thick apodeine on ths lateral 
side of the sternitc eon’.inncs without a break over this process. 

A fairly large mntde (IHalc II, Fig. Ml H) origin ue* from the .antero-kter.il 
side ot a .small hexagonal plate, covered liy the telson and is inserted on the lateral 
notch of the eightlt slernite. The pmitiots of this plate suggests it to be the next 
tergum ij., tlm ttinllt, b.^causr it is covered over completely l»y the tdson and bes 
next to it. I'hc lateral margins of this pinte are also overlapped try the sternuc 
corresponding to the telion. The musck tnenlioneil .above may l>c consilered to be 
homologous with any lergosienml mnstde as found in smy other segment. A huge 
muscle (a) ot iginaling fn»in the inner surface of the lateral process of the eighth ster- 
nit« and after rnnnin t ftiiteriorlv, is inserted on the lamimt annularis which ventm- 
pnterioily fits over tin* parameres. Me.trly parallel to this muscle, another (h) takes 
its origin and this is iospi led at the base of the fan-likc process of the eighth tergitc, 
A vfty ing muscle (c) originates from the convex surface of the anterior margin of 
the lamina aumilafi.s and is insetted to the an ter inr half of the anteriorly directed 
process of the eighth sierniie. This muscle Is a mtxlificd form of mtersegmcnml 
muscle of other segments, A muscle (li) c mnecis the lateral process of the eighth 
sternitc to itself intertmlly. 

The fawisa mmikm is eonncctcd to the p.aramorc.s internally by two pairs of 
muscles, one (d) originatini from its anterior round margin, is inserted to the ante- 
rior marginal apodeme of the jmratncrc ventrally and the other pair (c) originates 
from the transverse apodeme of the lamina annularis more or less in the same direc- 
tion and is inserted dorsally on iho aiueri >r margin of the paramere. 

A fairly thick mucle (PI. H, Fig. M3. A) originates from tha po 3 teripdater.al 
process of tlie penis and is insertctl on the side of the anterior ap ideine of the pam" 
mere. Prom the vcntrnl iirocesi of the paramere originate two muscles, one (B) 
which is inserted on the tip of the laternl process of the aedeagui and the other (u) 
on the anterior half of the penis latcrad. On the dorsal margins apodeme of the 
aedttigus there originates muscle (D) which Is inserted on the outside pf the lateral 
apodeme of the penal process. Aiioihee muscle (R) originating from dorsal surface 
of the paramere internally, is inserted on tin lip of the bateral process ot the 
aedeagus. 

The vobcUar musculature consists of four bundles of muscles. One of these 
four is the retractor of the vols slla (FI. 11, Fig. 1, M) which originates from the 



ant wbr surface of the jiaiauKie atel i> hvs-s s.'-si >m the r,» rS ■ n.- u: {!), v.tlsfiit, 

plate; another (AJ is the protrart.o' n-hith <»■..!« th .1 hi,i| 

of the paraniere atui is insn-t>”il ,in ihr asurti-fi a*,s*w|rmr .>i Ui- A ihlnl 

muscle (Q,) is also foufltl in h,ihft»r< It thr lintc,! |,t{fir 4 | 

surface of the paramciT ancHs msntrA the vrtujal »n.u,;‘4> .‘i t]>r v.thrlUr 

plate; the foutth imntcle (RJ svhtrh i« an ininosn' jnti^rie s-.tns }■» i%v.rn the ,iutcii*,)r 
and the dorsal apmlcmcs of the volsrljai plate 

nr riii. srAi.tWi hsiaom 

The musetdature of the appatfullv last ^rtjnirtu* -li t!te female .iltilojufn 

correspond* to that of ihr luaic ill all I ript** II, Ihrj.om »o thr triuui m thf 

sexes ditfers. In the fttnalc it l»a» iin anitc tip atMl tn thr nial n rods m a mmul 
margin. The coricsponding stcrniie i* vrty ditheirnt m the Jn Iftoale it h 

more or less similar to the telsim and sSightlv iongrt p.wfrtt-.sK Put 5 ( 

possesses a dill'crcnl form. The nest srsment j* n« hwrd l»ru%ern thr tt'kon 
the corresponding aternitc. Iw musculaiiire ■o»usi«»'. <u .» I •«« oidi/pir mtisdr 
(PI, II, Fig. Fl al origHiating from dotsw-hafrai smiacr *0 she {c'lmtt eh** 
to the animtstal aptakme and is ittirrierf «n the dotn.d np^Irtu.d siiwof tiip 
following letgite i. the eighth, whit-h is ai*« ralifd fwahw /‘l.jfe, Auriiltcr 
muscle (h) originate* from the atiiefo-vrnirai hdir oj jhf ti,:'S45i rcr,;itf .tut! isi'n. 
serted tm the dorsal margin of thr irirttigular pt rtr** .u tJif irvemh Metiiite 
A third muscle (c) arises from the latt-roi tiiimpuh-tt !»?*•*•?*« of thr spiraettUr 
plate and is inierted on the tip of the laiei",*! .d' ih<’ sevrosh stetnifc 

Just undemcttth the tintecostal ring of the eighth tr igiir thr gm A large 

muscle (d) wrigitmtes fiom the hiirta! . i i|se .mdrt uttt.irr ti| ihs 

udson and is inserted a little antetior to the lateral ptm’rss u! thr seventh siernite,' 
A Small muscle (e^ atises front the outer iirrlare ot thr vroii ri l.the oi hpitacular 
plate and is Inserted on a proisrsii m the lateral maigi!i -f the revs-mh sieriritp. 

MUMiLATt!RK t:»r I'sIB r'i-Aty-h I Al I.\ 

The eighth tergite is connectel to ihr quadrair plate l.y m.-iOH ot a irumhw «f 
muscles. A mttscle (rl. ll, Fig. 4, al oiigtnairs froitr the mtoi .ildupie itp-nietnc of 
the spirncular plate on cither side, and I* inserted on the d o sal t o* .4 the uiiadrate 
plate or the eighth tcrgitc. Another small muirle orismasr* »r.«« the antero* 
ventral margin of the spiraetilar plate and i« insrrte S „j, ri,.. . angulu* preceitt 

ofthe triangular pkt« or the first valvilW, Another smoU owr. i.. » .n tgimurs fowi 
tnc outside of tbo c|iiucir3ilo pliiti© in ilit* iiii44lc: i 04 ii> 5 iii ^%u4 i'> nn ili?** 

apoderae of the Spir.acuUtr plate. 


RXPl.AN,'\TttJ.N tJl- t»j,Alh>. 

ITA tl I 

Fig. 1. Alat^lv-^„r ‘‘f in siis.hwn« r...hr. ,rw...uo«r. i; otir,-...; 

hf »’* Hate; -m ' M«i)ioV feu.., 

miteimitlh ; ‘lV„;sCnyj»«».fn«»l t«.r!ir:h of L loHoOow J, Ji.,; 

H«. 2. t:« 1 ,ixtM 

H. >. 1«,| 

f “d 1 



trr 4 M inilihir <'‘1" wriikct, t;» Mnuliltlf *. I ■■■■ IoIh' . 4' lh«' uuni;li!'4.\ 

'*”* '’^1 ' |v|j,|,||' lohr ilr itwnfliUlr t MA ":.. i\LiiHUhiilir i .ry,ii\i!iUulir alwtiictiirj 

r'Atitur » i'ntj.|yir ; 'Ir;:; rriikiuatf? «?f thr iii*uicliblt‘. 

5 ^ |Vf.iiidtl' 4 t* Ufa mil«% ^liml Vm tv>4 ami i, 

Tiff ’ilw iliw.il vif'W «f" ihr lalmim m mn^'iriilatufr, gUs-;,! ; F-rMn^-ksof the 

* lahial i’^al|i*. (Lr%'al«»m ami t,.,lr|,jrf''‘v«trn% il- : < : K "t-Lalaal pil|f ; I.# tif f^u>wr 

M r.Mrnliim ; N iHilii.il iHiw.tnr ; V ; R myuiior : S./.^!SalHnnitiJ!rM 

hhf 7 iior-vil viinvi44lir int|.H,'i»kftaTurirrk almr thf pfiHvm^ mwt partly t!t(‘ cjf li«> 

' itrniiihmait. a ;-::Uailalur nihrml ; of hmirl ; {'*, Imlirrrt mtt^rlri cif tUrJarad ; 

I rvati'tf r4 fieail; nl' thf. imarurra ^ tV^^rrrvm ami filatra ; im <>l 

ftlf pt'ciilitifrtx; ftiraunrta ; ^ priipkurott. 


riAiK It 

mtf yi Vftitralvkw cif' ihp itiiHrMlaliifP «if thp par,uiirrp. A'^pralraPtor of the volsell?i ? M-^rmiuotctr 
ug. Ml, . i>':^p.ira«if‘rr ; Klk R of the voRdk ; a r»:.ip-v;lmual volrik; 

lirrietiwyimpilk over ihc ; |.^S!|iiifatnerai %pmr . ; v^vofidla. 

1 Aieml view nf tir muriilauire of llr tti^k gmltalia. Arrautrrlof prcM» »d'' the dgluh sternite 
I l|... ,y,|r, ; O } I -sttimirloi of the male gemtiila ; Nr..,ktexa. 

mlvrm of the eighth ^temitr ; P 'rr|uratnerf ; t.^\mi\m mmnUm i lal.iteral trmngtilar imx.m 
oriergites *iw*l aifrthiri ; Sa Vltf* Mtemimi ; pi --iiimimrfa! spine* 

r.;.f At'i DornI view of the mo’^enktiire of itOikagui* A-Eatmirkf of the peiin ; jtsae .league 

Fffl M4 voliella., lotrNaf digliun ¥»fm«kt prm;e» ot digitiPi 

^ /,.■:* kteml prm/ev-< of digs PH* 

1% m the riHpi'i pliie of tfir vol^elli, A ^tatirvkmr ; V e^pkirial pimm of tlte votoHa. 

Fi,ri.l'l uml vim* .rftir ....mnl unre .,f .hr- ^Hih .w^^muOrr «f .!« fcmk kb... , 

tV3!«ev«tvlh ssrrimm ; S'^'^phanaakr pfate ; I 

r,« F2 l akrai vkw .,Uhr .,r ,1 k trira IUk jA.k. a«arm. ol* thv tri«.iiat« pU,« : 

^ ' rl<l(?r. nl'tiwi «ir,wft:.k i*li.k . «»ll>Rf l.-lkrii»H a** >»' O 

1 % I'ii, Wawi 'atiifiil vrvv Mt ihf triwiiiafc plak «n in K). 

TfSu Fl' Ltltralvinv<.r tik ,.,.,'«-ula,.»r «»r iWnak KmitaHa, showing iH f 

I S ; I;*,airir4di:4te srksite ; Ak i|U4dt4te puite, 4 l ..^..inuwa . ^**m*w4« 

geihtidli' t ti,*o ‘■■^liro iMlvifer ; r»r«n^iei whkb diaiw in the sheidh of the %im% , v, .. — . ■ «. * - » 
to otHtmif llw dieith of'lltr liiireig, 

VUXl% III 

A (ratw* w.i.m ni ti.K la..>illae (1.) «fih« aroU.i.n (.....U-.' hiRh 

Miwn.lat>.Tr ».f ..he Wi»i»>l. ff. A. ’ ^ 

«}!• iii»ia ; y r kv.Untu <rf' st.!.Kkr i»i>* .pt.yii-.. 

I,.,,avrwof.he,r.m...,.>m,l..r.UO.Wem , A. «, Cl of hind «m, H=Uaa 

oflilmlieg; 'H 'i’Mnhakr i % h ■’tCawipkuralm.jf Idnd ^ 

l)< wt view ..f the |.r.rtlwal etal of (He tfo.!!.(Mtt«r. N ' sievalors of .ro<!hat.t« ; O s Levstt.>r o 

IX«-.l view. .f.l.'- ‘daw. with ftmihiman.1 uiw.Uraetor plate ; a-sAmlinm : l>«OttlU.om l.tu . 

<r ’ ilaw; t=3l ir-« tatu-i ; ,v”,lJiiHidkactw jtlaw. 

l>ar««rk*e.»««f.hear«li...... I, -:.U«.klUe<rftte amH...«. p„,>,,,art.e 

U.,n,alvieworrik showing 

X '.Knulihke proetwo ol lUfi ptctarai!. to articuliite w.iti tiaw 
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tbmmn ; p^pmpkum % ; « mtl»|sii,glimk plaie oi oi-» tinf^ » * »■* o* y i ;r/,< 4 i ,rii i sv^f i, 
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» Fig. 5, lAtemI view rfoiietskliirt of hmh^ * lt’'^^h%mhf mmwU # 

farewltig;Owcwai istfittWfitij a ¥ %mmm' ml’ im n iiki'- * w 
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branch of bamkr mtiicle 1 G ‘wma ; Ilf -^Ikm of ih; hi-$ I *v^o| * li " a 1 § ; y| '- 

cKtettwr of the tiind wing i i"*!SiiilratAr a 
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STUDIES IN THE Mll€tlRAI,ES 

I. SOUnSA VAN 1 It'Aitll.M 


fH 

SI s. Mnimai'KA 

liMwy ihi^imin'3 ^ Ihii-fttiij !i/ Aih/uktiJ 

. .. jiifc-j'iiwl 4« l A 1**‘’“*l 

SjDSl'phiiHit is t>iif «»f th« fpsv niJfiPfA wliirh ihp family INut^^phtHdft- 

ceae_ of die, j>rilcr A(ueorid«'«, ihe cbkf «if »li? fAmiiy being 

duetbnof few sporol spnmngia with die arrAtiged in a 

inatmer. This g«nit* IVa* b«n drsprilwd by Pisdif**' » !«'*»' m of facalto. • 

tive parasites which take pleasure In srtdiu^ un »lh'*» Mac.»r 4 ie». Il'uweycr th» '■ 
can be cultivated sapTOplivtically Wi iJuiig. In Mtiirr ihey mtm iiiaillf it |b,^ 
foTift of p,tTaiitei oilicf fcvfii ilir tatiiiui s|if^:ciri liitvc lictfi foiii'' 

pi parasitise each other— «#rfain van T»es>,hrni ti, Lr il-uniicr hai beea' 

observed on van Tifghfin M. I, r Alrnwin , 

' Twenty five u> 30 i(sede* of ;itr *i,id i,* known tUessrldne smy 

In India, Ramttkrishnan U0S3| in Hi tm •S*»nr »V&i?l42 

'x.o Hgy luia Iiitetl twaipdri ?♦! S, Vini 'tlr:,||li, iini |,*f Miiiijer ' 

mid van _Iiegh. whicli appraml mt root bus l-ni-ird »n soil su Vandalttt 

(near Miidriw). Ginai repotted tw,» ts.d.ars *»j Xw.'^Wn — <»nr fm« |b 

'nl'a.f «l«ttkey, though dureruig gmidy in ittraniientrntMmnt A'. v*tt 
rieghem was idemdied as such, aud anniher wdate Iran, d.e U‘ a ^/ebr? Z 
mafe ukmimhn of which was «oi ,«ade. liermdv the uh r Mme /ews 

rriz'/linK rain ami atuahiiT ' if 'T **'"*"^ '’**.* I’avliia cnma«fablc 

tkscriptim t/ ih Mhk ; 

...cl. ath„ r,.™i,.K ;f ,»■ '!;'T,r':f.'',"'r tr; fr t 

Sporophorc walk imcmli (.PL i Fi» m i rig* I « ifl|» 

slightly ydlowiih w red4lk*wl|fiw wriiikicil tii 

iik" swdliiigs at aliiimrS tlrwlmmii M tol , 

lowso^ ia* he-*. aVTiiSh r*"' <*''■ '• *■''»■ ■'•i' 

tip the sporopliarc calanirt, into a i walili iata. At 

cell, ddteid t,. .ca" Wh.l“ta3« d'l. M«. 5M. Bml 

with two i,.a,«,l„ 

tangular, proportbnatelv vm« la,,.« tt*.a . ?P**»*^* l»aitei »hapci|,blMni*rec> 

(in. d. Fig. b. H). when sLH^ verruks; in WMtf 

, „ a n ‘ »«‘iw sugbtly eotoared. .« aggregate rte^^ 

No zygosporcts seen. 


I n } 







i’late t‘%, L »!' wIimAis (•ifiOji H|. SAiisif 

part of SI sporop'uKv; a B ysittitg (aidt)', 
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I , , 

UTILIZATION OF A MIXTURE OF AMINO ACIDS 
BY SOME SAPROLEGNIALES 


liy 

RA.MDAVAL 

Dtfwrimtnt «f Ihtam, Unim'sity uf AUalmImi! 

Read at tlie 28th Annual vS'c»»ion of the Aeadt my held at the llnivetsily of Agra on 8th Febtttary, 1959. 

All amino ackls are not of equal value in fungus nutrition. Steinberg (1942) 
lias made an extensive study on the utilisation of 22 ammo acids by Aspirgill^ nigtr 
and he ftiund that seven out of them were excellent nitrogen sources. He held that 
these seven amino acids were primary and from them the secondary ammoacids 
were derived. Lilly and Leonian (1942) have reported that different ammo acids 
vary in effectiveness. They also found that diiierent strains of the same organism 
responded differently to the same source of nitrogen. 

Lilly and Barnett (1951) have observed that a mixture of amino acids may 

or may not lie t)ettc:r utilized than a single amino acid. The eliect^ of a 
amino acid on tlie utilization of another varies with the ainuiD acids ^tvolvcd and 
the fungus conceaticjcl* Leonian and Lilly (1940) studied gnwth of Phymnjm 
bkksskmms on five single amino acids and on their mixture,^ rhe growth on ^ the ^ 
mixture was rnuch better than on the individual ammoacids. ^Morc complex re- 
lations were found (Lilly and Leonian, 1942) by growing 10 strains of yeast ^upon 
sixaminoackls and on their mixture, Bilgrami (1950 carried on similar inves- 
tigations by growing tMngifira^ and Phyllositcla on single ammo 

acid as well as on their mixture* He reported that both good and poor ammo 
acids were assimilated simultaneously from the mixture, fandon and Bilgrami 


